1. Electronic tagging of marine fishes is commonly achieved with archival tags that rely on light levels 12 and sea surface temperatures to retrospectively estimate movements. However, methodological issues 3. The R package HMMoce leverages available tag and oceanographic data to improve position estimates 20 derived from electronic tags using a hidden Markov approach. We illustrate the use of the model and 21 test its performance using example blue and mako shark archival tag data. Model results were validated 22 using independent, known tracks and compared to results from other geolocation approaches. 
Introduction

29
Electronic archival tags have been widely adopted by ecologists to track movements of wide-ranging species 30 that are difficult to monitor using other techniques. In ocean environments, implanted archival and pop-up 31 satellite archival transmitting (PSAT) tags have proved particularly valuable in the study of life history 32 patterns (e.g. Thorrold et al., 2014) , biophysical interactions and habitat use (e.g. Braun et al., 2015b; Lam 33 et al., 2014) , horizontal and vertical movements (e.g. Braun et al., 2014; Lam et al., 2016; Werry et al., 2014) , 34 and the spatial structure of populations (Skomal et al., 2009; Galuardi et al., 2010; Galuardi and Lam, 2014) 35 in a number of commercially important fishes (Block et al., 2011) and species of conservation concern (Braun 36 et al., 2015a ). Yet, tracks provided by electronic tags that rely on light-level geolocation often exhibit large 37 error in daily position estimates (Musyl et al., 2011; Braun et al., 2015b ) that may hinder inferences drawn 38 from the tag data. Approaches that provide more certainty in movement estimates derived from light level 39 data (Galuardi and Lam, 2014; Luo et al., 2015) would increase the power of ecological hypotheses tested 40 using tag data.
41
Electronic archival tags typically use light levels to estimate position when it is not possible for the tag to 42 interrogate geo-location satellites (Sibert et al., 2003; Nielsen and Sibert, 2007) . Accuracy of geolocation using 43 light levels, however, is limited (± 100-200 km;~10,000 km 2 ) even for surface-oriented species where good light 44 data is available (Wilson et al., 2007; Braun et al., 2015b) . While several studies have incorporated ancillary 45 data, including sea surface temperature (Smith and Goodman, 1986; Lam et al., 2010) , tidal fluctuation 46 (Pedersen et al., 2008) or ocean heat content (Luo et al., 2015) to help improve geolocation estimates, only 47 one used all data collected from archival tags within a rigorous statistical framework to improve geolocation Page 2 of 18 Methods in Ecology and Evolution stems from a HMM used to track cod in the North Sea using tidal information (Pedersen et al., 2008 were considered known in all cases and model runs.
107
The resulting observation likelihoods (in various combinations; Eq. S1) were used in a two-step Bayesian (Fig. S5) .
181
While HMMoce was designed to improve geolocation estimates for all tagged marine organisms, the main 182 impetus for the work was to fulfill a need for improving track estimates in cases where light and SST data 183 were lacking due to minimal surface occupation. We tested the ability of HMMoce to recover accurate tracks 184 with only limited light-level data by randomly removing (using sample in base R, without replacement) 75% poor. In all 4 cases, HMMoce estimated tracks with lower mean error than corresponding GPE3 results (Table   191 2), but model selection favored including depth-temperature profile information in only 2 of 4 final models.
192
Error in the removal experiment for HMMoce was only marginally higher as compared to the full dataset for 3 193 of 4 individuals ( Table 2) . (Fig. 3) . The state-switching is governed by movement kernels
197
(based on speed) and probability of switching between states is calculated by the EM algorithm (Table S1 ).
198
For the mako, the RDs indicated areas of core use focused largely where resident behavior was most probable.
199
The RD for the migratory state showed the offshore movement to the SE into the Gulf Stream region before 200 the fish returned to the shelf break and moved SW toward Cape Hatteras. The most notable features of the 201 migratory RD are the overlap areas where the fish transitioned from migratory to resident behaviors (Fig. 4) . satellite tag data) is distributed with the package from both sources. 
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